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 Chapter 1 
 
 
The Bilingual Mental Lexicon 








Many bilinguals will have had the experience of unintentionally reading something in a 
language other than the intended one (e.g. MUG to mean mosquito in Dutch rather than a 
receptacle for a hot drink, as one of the possible intended English meanings), of finding 
themselves blocked on a word for which many alternatives suggest themselves (but, 
somewhat annoyingly, not in the right language), of their accent changing when stressed or 
tired and, occasionally, of starting to speak in a language that is not understood by those 
around them. These instances where lexical access appears compromised and control over 
language behavior is reduced hint at the intricate structure of the bilingual lexical architecture 
and the complexity of the processes by which knowledge is accessed and retrieved. While 
bilinguals might tend to blame word finding and other language problems on their 
bilinguality, these difficulties per se are not unique to the bilingual population. However, 
what is unique, and yet far more common than is appreciated by monolinguals, is the 
cognitive architecture that subserves bilingual language processing. With bilingualism (and 
multilingualism) the rule rather than the exception (Grosjean, 1982), this architecture may 
well be the default structure of the language processing system. As such, it is critical that we 
understand more fully not only how the processing of more than one language is subserved by 
the brain, but also how this understanding furthers our knowledge of the cognitive 
architecture that encapsulates the bilingual mental lexicon. 
 
The neurolinguistic approach to bilingualism focuses on determining the manner in which the 
two (or more) languages are stored in the brain and how they are differentially (or similarly) 
processed. The underlying assumption is that the acquisition of more than one language 
 requires at the very least a change to or expansion of the existing lexicon, if not the formation 
of language-specific components, and this is likely to manifest in some way at the 
physiological level. There are many sources of information, ranging from data on bilingual 
aphasic patients (Paradis, 1977, 1985, 1997) to lateralization (Vaid, 1983; see Hull & Vaid, 
2006, for a review), recordings of event-related potentials (ERPs) (e.g. Ardal et al., 1990; 
Phillips et al., 2006), and positron emission tomography (PET) and functional magnetic 
resonance imaging (fMRI) studies of neurologically intact bilinguals (see Indefrey, 2006; 
Vaid & Hull, 2002, for reviews). Following the consideration of methodological issues and 
interpretative limitations that characterize these approaches, the chapter focuses on how the 
application of these approaches has furthered our understanding of (1) selectivity of bilingual 
lexical access, (2) distinctions between word types in the bilingual lexicon and (3) control 
processes that enable language selection. 
 
Methodological Issues 
Studies focusing on the neurophysiological correlates of bilingual language processing often 
are more concerned with localization and lateralization than with the consideration of how 
behavioral and physiological data converge to inform our understanding of the bilingual 
lexicon. (For reviews of select areas see Abutalebi et al., 2005; Fabbro, 2001b; Hull & Vaid, 
2005; Vaid & Hull, 2002.) Important insights have been gleaned from the closer observation 
of bilingual aphasics (Fabbro, 2001a; Paradis, 2004). In addition, a number of studies have 
provided PET and hemodynamic evidence, as well as ERP correlates, for lexical organization 
and access (e.g. De Bleser et al., 2003; Phillips et al., 2006), semantic organization (e.g. 
Halsband et al., 2002) and issues of control (e.g. Rodriguez-Fornells et al., 2006) in the 
bilingual lexicon. It is important to be mindful of the strengths and limitations of each 




Early forays into the bilingual brain intrigued us with descriptions of the many different 
recovery patterns observed in multilingual aphasia. For example, some patients demonstrated 
selective recovery of either the first learned or most familiar language (Pitres, 1895; see also 
Albert & Obler, 1978; Paradis, 1977, 1997). Others showed pathological switching between 
languages (Fabbro et al., 2000) and selective, antagonistic recovery patterns (Aglioti et al., 
1996; Aglioti & Fabbro, 1993). Inferences drawn from aphasic deficits involve a reverse 
 extrapolation to a(n assumed) premorbid state of intact linguistic functioning. However, often 
little is known about the patient’s language history and consequently a retrospective 
comparison is potentially flawed. Such information is critically important because age and 
manner of acquisition, and premorbid language use and proficiency would have affected the 
patient’s performance in each language postinjury. 
 
Those concerns aside, the seductive aspect of this approach is that patterns of language 
performance (both intact and impaired) suggest selective damage to (or preservation of) one 
or more language components or processing pathways. Following a modular approach to 
cognitive architecture (cf. Fodor, 1983; Shallice, 1988), dissociations in performance can be 
taken to reflect an underlying cognitive architecture characterized by subcomponents that can 
be impaired selectively. However, it is difficult to determine the source of the cognitive 
deficit and which task components are adversely affected, because it is unclear whether the 
cause is a circumscribed lesion or more extensive damage, or whether the deficit results from 
abnormal functioning elsewhere or even reflects intact residual functioning in the lesioned 
area (see also Green & Price, 2001). 
 
When testing bilingual aphasics, the degree of similarity between the languages spoken is 
often ignored and there is a tendency to use concrete items. Yet we know that concrete and 
abstract items are processed differently (e.g. De Groot & Nas, 1991; Dong et al., 2005). An 
explicit comparison of bilingual aphasic performance on such items would yield important 
insights, and so would contrasting the processing of cognates and noncognates, also known to 
be differently represented (Sánchez-Casas & García-Albea, 2005). Cognates have been used 
in attempts to improve language functioning in bilingual aphasics, on the assumption that 
reinforcing cross-linguistic form and meaning overlap should encourage cross-linguistic 
generalization (e.g. Kohnert, 2004). 
 
While studies of bilingual aphasia have provided valuable insights into localization of 
language function, they have been less immediately helpful in informing models of bilingual 
language processing. Case studies tend to be descriptive and the patterns of language 
performance observed often are not interpreted within an existing processing framework nor 
used to test the validity of any such framework (for a more detailed discussion, see Gollan & 
Kroll, 2001). Green and Price (2001) recommended combining the traditional clinical 
neurolinguistic approach with functional imaging, thus enabling a direct comparison of 
 normal and aphasic bilinguals. Importantly, the use of neuroimaging techniques reveals not 
only the regions involved in the execution of components of a task (without, however, being 
able to determine which regions are essential), but also the interaction between them. When 
applying this approach to patients, it becomes possible to ascertain (for example) whether the 
observed deficit is due to differences in neuronal areas recruited for the task or to the use of 
different cognitive strategies, or whether control of language performance is compromised 
because of deficits in neural areas believed to mediate such control (such as the anterior 
cingulate). Limitations aside, several case histories can be interpreted in the light of existing 
models of the bilingual lexicon and inform those same models. 
 
ERPs and imaging studies 
 
Valuable contributions have been made by imaging and ERP studies of bilingual language 
processing. Their comparison, however, is often limited by the heterogeneity of participants 
(in terms of proficiency, and age and manner of acquisition), the wide range of tasks used, the 
lack of appropriate comparison groups and the variety of languages spoken. Inconsistencies 
between PET and fMRI findings in particular may be due also to differences in technology. 
 
In PET studies, data is averaged across participants. Findings are therefore more difficult to 
interpret and detail is lost in reduced spatial resolution. Thus, if regions of activation 
potentially correlated with distinct language components are anatomically close, it may not be 
possible to distinguish between them using PET. With fMRI, on the other hand, individual 
data can be considered and spatial resolution is superior (see Abutalebi et al., 2005, for a 
review). A difficulty affecting hemodynamic methods generally is how to interpret increased 
(differential) activation. Is it just that, activation, or are inhibitory processes occurring 
elsewhere contributing to the pattern? (See also Fabbro, 2001b.) Furthermore, activation in a 
certain region does not ipso facto imply that the area is necessary for task execution nor does 
lack of (differential) activation imply lack of involvement. Subtraction methods may simply 
obscure the possibility that the same region might be implicated in several of the task 
components (cf. Green & Price, 2001). However, careful comparisons across tasks can reveal 
areas that are differentially active. Given existing knowledge about cognitive processes 
believed to be subserved by those areas and knowledge of the task components, converging 
evidence may be obtained for the existence of those components. 
 
 The particular strength of ERP scalp recordings is that they are online measures of brain 
activity that is directly (and temporally) linked to cognitive processes and allow the various 
properties of linguistic stimuli to be indexed. One primary language indicator is the N400, a 
negative ERP component with a central scalp distribution and a peak amplitude at 
approximately 400 ms after the appearance of a word. The N400 is used to index aspects of 
semantic processing in sentence context as well as that of individual words, within and 
between languages. In response to semantic violations, a larger (i.e. more negative) N400 is 
typically observed (e.g. Ardal et al., 1990). Lexical aspects, such as word frequency, can also 
be indexed by N400, which is larger for words of lower frequency (Kutas & Van Petten, 
1990). A repetition priming effect is captured in reduced N400 amplitudes (e.g. Rugg et al., 
1995). Another measure sometimes used is the phonological mismatch negativity (PMN), an 
ERP component with an earlier peak between 250 and 350 ms post stimulus-onset and elicited 
when phonological processing is carried out. Its distribution is more fronto-central (cf. 
Phillips et al., 2006). 
 
Form and meaning can be varied both within and between languages, and the careful 
evaluation of ERP components can determine whether these linguistic variations are 
processed differently. A phenomenon such as adaptation can be applied embedded in 
repetition priming within and between languages, allowing inferences to be drawn about the 
level at which words are processed by common or shared cognitive processes. This 
methodology is predicated on the demonstration that repetition of information results in 
attenuated neuronal responses. For example, neurons in the visual system reduce their 
response to repeated occurrences of the same stimulus (adaptation), but might fire as strongly 
to a repeat stimulus of which just one aspect has been changed (Grill-Spector & Malach, 




Optimal information comes from converging evidence from different methodologies, 
especially where cognitive deficit due to a prescribed brain injury dovetails with activation in 
the same, undamaged region when the task is performed successfully in an intact person. But 
some caveats remain. Importantly, for these techniques to be maximally effective it is 
important that they are combined with a thorough understanding of the cognitive 
underpinnings of the tasks to be performed and the research tools used. Careful evaluation of 
 aphasic performance and use of ERP recordings and imaging techniques within a well-
articulated cognitive framework can provide supporting evidence for the existence of distinct 
cognitive processes underlying bilingual task performance and further our knowledge 
regarding lexical access, word type distinction and control in the bilingual lexicon. 
 
Selectivity of Bilingual Lexical Access 
 
There is general consensus that bilingual lexical access is characterized by nonselectivity (e.g. 
De Groot et al., 2000; Dijkstra & Van Heuven, 1998, 2002). Such nonselectivity has been 
found to operate for orthographic (e.g. De Groot & Nas, 1991) and phonological codes (e.g. 
Duyck, 2005; Jared & Kroll, 2001; Nas, 1983). More strikingly, even when the other 
language is not mentioned or used in the task, behavioral responses are affected (Dijkstra et 
al., 2000). 
 
One model that incorporates nonselective access is the Bilingual Interactive Activation (BIA) 
model (Dijkstra & Van Heuven, 1998). A model of bilingual word recognition, it assumes 
rich interconnectedness between lexical representations within and across languages, with 
bidirectional inhibitory and excitatory links between feature, letter, word and language levels. 
Candidate words are activated independently of language membership – the embodiment of 
nonselective lexical access. In an extension of the BIA model, BIA+ (Dijkstra & Van Heuven, 
2002), control over language selection is implemented via a task/decision system, a function 
previously assigned to language nodes. Instead, their function – together with orthography, 
phonology and semantics – is to indicate language membership. Integration across the 
different levels of representation further extends nonselective access beyond orthography. 
 
Cross-linguistic effects are not always obtained (Gerard & Scarborough, 1989; Rodriguez-
Fornells et al., 2002; Scarborough et al., 1984), an inconsistency easily explained by 
differences in tasks and materials used. For example, context effects (such as list composition 
and task demands) can constrain lexical access to a degree (cf. Dijkstra, 2005). Seemingly 
less easily accounted for is the cross-linguistic facilitatory effect of noncognate translation 
equivalents (Costa & Caramazza, 1999; Costa et al., 1999; Gollan et al., 2005). If inhibitory 
processes operate to enable the selection of a word in the appropriate language by deselecting 
the other language (as is assumed in the BIA model and Green’s (1998) Inhibitory Control 
(IC) model), all words in the other language should be inhibited, including translation 
 equivalents. The facilitation observed instead suggests selective access of only those entries 
that are specific to the required response language (for a critical discussion, see La Heij, 
2005). Observations from bilingual aphasics, as well as neurophysiological data, have 




Patterns of selective recovery reported throughout the literature (Fabbro, 2001a; Paradis, 
1977) would suggest that the bilingual’s languages are not only organized separately, but also 
accessed independently and selectively. However, a fair proportion of recovery patterns 
include cases with parallel recovery. Also, reports of involuntary switching in bilingual 
patients even when this is inappropriate (and known to be inappropriate even by the patients) 
suggest instead that lexical access is nonselective (Fabbro et al., 2000; Goral et al., 2006). 
Whichever word or phrase reaches selection threshold first is selected, the decision driven by 
content- rather than language-appropriateness. Control implications are discussed later in the 
chapter. 
 
Some studies with bilingual aphasics, particularly those involving rehabilitation, use 
techniques that are premised on a bilingual lexicon that is at least partly integrated. 
Accordingly, it is possible to prime information in the other language through the use of 
cognates (Kohnert, 2004), although improvement in the trained language typically is more 
pronounced. Such findings suggest nonselectivity, in that information provided in LA 
nonetheless activates associated LB items. Treatment studies are not consistent in their 
findings (e.g. Galvez & Hinckley, 2003), however inconsistencies can be accounted for by 
differences in cross-linguistic overlap (Kohnert, 2004; Lalor & Kirsner, 2001b; Roberts & 
Deslauriers, 1999). Furthermore, recovery patterns may be affected by premorbid proficiency 
(Edmonds & Kiran, 2006). Recent ERP and fMRI studies provide further important 
contributions to this discussion. 
 
Imaging studies and ERPs 
 
Evidence from hemodynamic and ERP studies overwhelmingly supports the nonselective 
access position. For example, when fairly fluent Dutch–English bilinguals decided whether 
triplets of letter strings (e.g. HOUSE-ANGEL-HEAVEN versus ZAAK (business)-ANGEL-
 HEAVEN) were all legal words in English and/or Dutch (De Bruijn et al., 2001), reliable 
N400 amplitude reductions for L2 targets (HEAVEN) primed by interlingual homographs 
(ANGEL (sting in Dutch)) indicated that the alternative L2 meaning also received automatic 
activation. While the language of the first word provided a uniquely English or Dutch context 
(e.g. HOUSE or ZAAK (business)), both readings of the homograph were activated, 
suggesting that language nodes merely tag language identity and a task/decision system 
exercises control (Dijkstra & Van Heuven, 2002). 
 
Nonselective access was also seen when highly proficient Dutch−English bilinguals 
performed an English lexical decision task on interlingual homographs preceded by 
semantically related (HEAVEN-ANGEL) or unrelated (HOUSE-ANGEL) English primes 
(Kerkhofs et al., 2006). Both reaction time (RT) and N400 patterns showed facilitation if the 
prime was semantically related to the target’s reading in English but also in the irrelevant 
Dutch language. More revealingly, the degree of facilitation was affected by the frequency of 
the homograph’s alternate readings. Greater effects were obtained for high frequency English 
readings and low frequency Dutch readings. 
 
Yet further evidence for nonselectivity comes from a study of fluent English–French 
bilinguals who performed an auditory word repetition task and a translation priming task 
(Phillips et al., 2006). Five-word sequences were presented in which the first four words were 
identical repetitions (R). The fifth word was identical (control), a translation equivalent (skirt 
(R)-jupe), or unrelated (skirt (R)-window) or related in meaning (skirt (R)-pants) and 
presented in the same or other language (skirt (R)-pantalon). For within language repetitions 
both the degree of adaptation and the N400 distribution were virtually identical for both 
languages. Translations from an L2 repeated sequence to the L1 (L2→L1: backward 
translation) showed only a strong PMN effect, reflecting the lexical and phonological 
changes. The lack of an N400 effect indicated that when processing an L2 word, its L1 
translation was activated. However, for forward translation (L1→L2) the PMN/N400 pattern 
was similar to that observed for a change of meaning (and form) within L1, suggesting that 
neither the phonological form nor the conceptual representation of the L2 translation were 
accessed. Similar observations were made using fMRI adaptation (Klein et al., 2006b).1 The 
                                                 
1 This finding is inconsistent with the Revised Hierarchical (RH) model (Kroll & Stewart, 1994), where the 
processing of the weaker L2 – in nonproficient bilinguals – is believed to occur via direct lexical connections 
with L1. 
 findings are indicative of automatic nonselective lexical access of L1 when processing L2, but 
not vice versa. Thus, at least in the auditory modality, nonselective access of L2 and L1 
occurs but only when processing the weaker language. Lexical access therefore appears to be 
modulated by relative proficiency. Given these findings, it is conceivable that Kerkhofs et al. 
(2006) would have obtained a similar lack of facilitation of the homographs’ L2 reading had 
the task been carried out in L1. 
 
At first glance the aforementioned studies suggest a glaring inconsistency. However, whether 
or not L2 is automatically activated may have as much to do with task requirements as with 
the stimuli used. For example, on a language-specific go-no go task2 with Catalan–Spanish 
bilinguals and Spanish-speaking monolinguals,3 differences in N400 amplitude (increased for 
low frequency compared to high frequency items) revealed that only words in the target 
language were processed semantically (Rodriguez-Fornells et al., 2002). No frequency effects 
were registered for words (all noncognates) from the nontarget language, suggesting they 
were not processed beyond the orthographic stage. Thus, the language-specific nature of the 
stimuli (in contrast to the homographs used by Kerkhofs et al. (2006)) allowed early selection 
to occur. Consistent with the role of task control schemas (IC model) and the task/decision 
system (BIA+ model), a change in task, such as that used by De Bruijn et al. (2001), shows 
that information related to both languages is processed if both are important in carrying out 




ERP and fMRI methodology, perhaps more so than studies of bilingual aphasia, have 
advanced our understanding of the extent to which meanings common to both languages are 
accessed in parallel and at which stage the selection is made. Important advances have been 
made through the combination of more rigorous experimental design, structured to test 
specific cognitive predictions. This approach should be continued and extended, with greater 
and consistent use of experimental paradigms that allow for neurolinguistic verification of the 
independent contribution of task demands and language-specific characteristics on lexical 
                                                 
2 The language-specific go-no go task requires bilinguals to press a button to words in one language while 
ignoring pseudowords and words in the other language. 
3 N.B. All participants were recruited from German universities. It follows that German was mastered to some 
degree of competency to allow university-level studies, effectively rendering the bilinguals trilingual and the 
 selection. Overwhelmingly the data favor nonselective access. However, cross-linguistic 
overlap, relative proficiency, as well as language context (see also Elston-Güttler et al., 2005) 
may constrain lexical selection. 
 
Word Type Distinctions 
 
As regards the structure of the bilingual lexicon, the evidence favors common conceptual 
representations, with varied conceptual overlap across languages (e.g. De Groot, 1992a, 
1992b, 2000; Francis, 2005; Poulisse, 1997). Initially it was assumed that the same conceptual 
representations were accessed for both languages, a reasonable assumption given evidence 
such as cross-linguistic semantic priming effects even with vastly differing orthographies (e.g. 
Chen & Ng, 1989). However, many of the earlier studies tended to use concrete nouns as 
stimuli, and we now know that there are important differences related to word type that have 
implications for representation at the semantic and conceptual level.4 
 
An important framework for the investigation of word type distinctions is provided by the 
Distributed Feature model developed by De Groot and others (De Groot, 1992a, 1992b, 1993; 
De Groot & Comijs, 1995; Van Hell & De Groot, 1998a, 1998b, see also Kroll & De Groot, 
1997). Here a distinction is made between concrete and abstract nouns, and between cognates 
and noncognates. Specifically, concrete nouns and cognates are more similar in meaning 
across languages. Consistent with these classifications, when the targets are concrete nouns or 
cognates, marked advantages have been found across a range of tasks for translation and 
recognition (e.g. Caramazza & Brones, 1979; De Groot, 1992a, 1992b; De Groot & Nas, 
1991; Van Hell & De Groot, 1998a, 1998b). By contrast, the representation of abstract nouns 
(such as honor) is assumed to be largely determined by the context that, in bilinguals, can be 
dramatically different. An alternative model holds that cognates, by virtue of their shared 
morphology, are clustered in the lexicon, irrespective of language membership. Noncognates, 
in contrast, are lexically distributed (Kirsner et al., 1993). Importantly, meaning further 
determines organization (Lalor & Kirsner, 2001a). The main question centers on whether the 
linguistic functions of the words determine how they are represented lexically. 
 
                                                                                                                                                        
monolinguals bilingual (see also Dijkstra & Van Heuven, 2006; Grosjean et al., 2003). The trilinguals used their 
two stronger languages, while the bilinguals used only L1. 
4 Not included is the representation of emotion words in the bilingual lexicon (Altarriba & Bauer, 2004). 
 No explicit claims are made about other classes of words, such as the noun/verb distinctions, 
that have been reported in monolinguals (e.g. De Bleser & Kauschke, 2003; Luzzatti et al., 
2006). Determining the psychological reality of these in bilinguals is complicated by the fact 
that, depending on the languages in question, a number of words might cross noun-verb 
classes and may or may not share meaning (e.g. wave (as in to wave or a wave in the sea, 
different meanings) versus sleep (both a verb and a noun, related meanings)). In addition, 
proficiency variably affects processing and, in bilinguals, is reflected in the underlying 
conceptual representations for verbs (Segalowitz & de Almeida, 2002). Neurolinguistic 




Studies that have used paradigms involving verb generation from nouns or have looked at 
processing differences between nouns and verbs in patients are few, but these few do indicate 
a distinction. One report shows an early, highly proficient bilingual Catalan–Spanish 
Alzheimer patient, LPM, to be similarly impaired in both languages in naming line drawings 
(e.g. broom) compared to generating the associated verb (e.g. sweeping) (Hernández et al., 
2007). A similar dissociation did not occur in comprehension, suggesting that (1) conceptual 
representations were intact and accessed equally in both languages and (2) a lexically based 
distinction exists between nouns and verbs. Similarly, when cued with sign language, a 
bilingual British sign language (BSL)-English user, Maureen, was able to produce spoken 
English nouns but not verbs (Marshall et al., 2005). 
 
Cognate status did not affect performance in L1 for LPM (Hernández et al., 2007), but there 
was a nonsignificant tendency for better performance with cognates in L2, a pattern consistent 
with Phillips et al. (2006). A cognate effect is found in bilingual aphasic patients (e.g. Ferrand 
& Humphreys, 1996) and training with cognates facilitates recovery in bilingual aphasia 
(Kohnert, 2004), suggesting shared word characteristics. Lalor and Kirsner (2001b) similarly 
showed superior performance in a multilingual aphasic (L1 Greek), tested in Italian and 
English. English, but not Italian, was formally acquired. Naming and lexical decision 
performance was superior for cognates. However, while these studies support a 
cognate/noncognate distinction, the relative contribution of shared meaning, orthography and 
phonology has not as yet been determined. 
 
 Evidence for an abstract/concrete distinction is also not unequivocal. For example, when 
asked to translate bidirectionally between pairs of his three languages (L1 Hebrew, L2 
English and L3 French), a trilingual aphasic, EC, showed longer RTs for abstract (compared 
to concrete) words, but only when translating from L2 to L1 (Goral et al., 2006). It should be 
noted that, while the concrete words crossed word classes (e.g. hammer), the abstract words 
did not and also had unique meanings (e.g. truth). Here again we see the pattern repeated of 
nonselective access but only for backward translation (consistent with Phillips et al., 2006). 
 
Aphasic evidence then supports a distinction between concrete nouns and verbs, and between 
cognates and noncognates. Any distinction between abstract and concrete words must be 
classified by indexing conceptual equivalence across languages (Goral et al., 2006; Kroll & 
Tokowicz, 2001) and so too for cognates. In drawing any conclusions from the data, factors 
such as relative premorbid proficiency as well as cross-linguistic overlap must be taken into 
consideration. 
 
Imaging studies and ERPs 
 
While evidence from PET and fMRI studies provides support for common conceptual 
representations across languages – as inferred from marked similarities in cortical activation 
and distribution (Chee et al., 2000, 2003; Halsband et al., 2002; Illes et al., 1999; Klein et al., 
1999) – few studies allow us to determine distinctions between classes of words. Often data is 
averaged across word types (e.g. Illes et al., 1999), the focus is on grammatical function 
(Ullman, 2006; Weber-Fox & Neville, 2001) or predominantly concrete nouns are used (e.g. 
Chee et al., 2000, 2001; Klein et al., 2006a). 
 
A notable exception is a PET study with fairly proficient Flemish–French bilinguals in 
Belgium who covertly named pictures with cognate or noncognate labels separately in each 
language (De Bleser et al., 2003). Activation patterns revealed differences only for 
noncognate naming in the weaker L2, specifically in the ventral and dorsal regions of the left 
inferior frontal gyrus and anteriorally to the inferotemporal region, believed to reflect greater 
difficulty in L2 lexical retrieval postsemantically. However, as the authors point out, it is 
conceivable also that the L2 noncognates might be less well defined conceptually. 
Furthermore, although naming accuracy during the PET phase could not be established, the 
behavioral data showed marked differences in L2 naming efficiency, especially for 
 noncognates, suggesting that many lexical entries did not exist or were accessible only via 
direct connections with their L1 counterparts (cf. Kroll & Stewart, 1994). Importantly, 
however, the lack of any differences for cognates suggests that these are similarly represented 
across languages (De Groot, 1993). 
 
Evidence regarding the concrete/abstract distinction is inconclusive. For example, when late 
Finnish–English bilinguals memorized and verbally recalled pairs of unrelated words (both 
either highly imageable or abstract) separately in both languages, memory retrieval in both 
languages and for both word types was associated with similar levels of bilateral prefrontal as 
well as precuneus activation and, in L1, Broca’s area was equally activated (Halsband et al., 
2002). Thus, both word types appear to be processed similarly, in direct contrast with other 
observations (De Groot, 1993). However, the task used here was not explicitly designed to 
look at word type effects and the use of PET may have failed to capture more subtle 




With respect to the nature of lexical representations then, neurolinguistic evidence supports 
the cognate/noncognate distinction. Recent behavioral evidence suggests that their 
representation in the lexicon might best be characterized as based on morphological 
similarities (Lalor & Kirsner, 2001a; Sánchez-Casas & García-Albea, 2005), but as yet there 
is no neurolinguistic evidence to support this contention. Evidence supporting verb/noun 
distinctions is thus far restricted to studies of bilingual aphasia, while the abstract/concrete 
distinction is not unequivocally supported. Future research could explore further the 
representation of different word types in bilingual lexical organization through the systematic 
evaluation of semantic, phonological, orthographic, morphological and functional 
components. 
 
Control in Language Selection 
 
The importance of control over language selection is most obvious when bilinguals 
inadvertently switch between languages. Such involuntary intrusions can be accounted for by 
differences in levels of activation across languages (e.g. Poulisse & Bongaerts, 1994), 
however some form of top-down control is required to enable the willed selection of a 
 response in LA and to minimize interference from LB. The way in which language selection is 
accomplished is perhaps best set out in the IC model (Green, 1986, 1993, 1998). Other, 
equally relevant models have been proposed by De Bot and colleagues (De Bot, 1992; De Bot 
& Schreuder, 1993) and by Poulisse and colleagues (Poulisse, 1997; Poulisse & Bongaerts, 
1994). (For a recent discussion, see La Heij, 2005.) 
 
Within the IC model, control is exerted through the inhibition of the ‘other language’ task 
schema when speaking LA. Upon a switch back to LB, this generalized inhibition of LA must 
be undone, a process associated with a measurable cost. Behavioral evidence supports this 
idea (Costa & Santesteban, 2004; Meuter & Allport, 1999), showing language switch costs 
directly related to relative proficiency: a paradoxically larger cost is observed when switching 
back to the stronger L1. The lack of similar asymmetry for L1/L3 switches in fluent (early) 
bilinguals prompted the suggestion that these bilinguals had developed a control ability to 
facilitate language switching generally (Costa & Santesteban, 2004; Costa et al., 2006). 
However, confounds between age of acquisition (AoA) and relative proficiency effects make 
it difficult to determine the relative importance of either factor (but see Meuter & Milner, 
2007). 
 
It is nonetheless conceivable that bilingual language control relies on a select set of cognitive 
processes that are better honed or perhaps altogether different (as determined by AoA or 
proficiency) because of increased multiple language use. (See also Rodriguez-Fornells et al. 
(2006) for a recent review.) Ideally, comparisons should be made between early and late 
proficient and nonproficient bilinguals on a range of cognitive tasks, including language 
selection and switching tasks. Given the evidence that the processing of languages with very 
different characteristics in either phonological realization (e.g. Klein et al., 2001; Tham et al., 
2005) or orthographic representation (Gollan et al., 1997) appear to activate different cortical 
areas, it is conceivable that individuals regularly controlling such disparate languages might 
show qualitatively different control abilities. When orthography unambiguously cues 
language, reduced interference is experienced in a Stroop task (Fang et al., 1981) and 
significantly smaller switch costs are experienced (Meuter & Tan, 2003). Whether such 
advantages result from increased control ability, over and above a language-specificity effect, 
might be resolved by the inclusion of alinguistic switch tasks. Comparisons across studies 
(e.g. Tan et al., 2001; Tham et al., 2005) reveal differences between monolinguals and 
bilinguals when processing similar tasks, suggesting that experience impacts differentially on 
 brain organization. The question to be asked is whether available neurolinguistic evidence can 




The importance of control processes is highlighted in bilingual aphasic patients. Fabbro et al. 
(2000) reported on a Friulan–Italian patient who, while linguistically intact and fully 
conscious of which language to speak, was nonetheless unable to control his language output 
(similar cases of uncontrolled language switching have been reported by Aglioti et al., 1996; 
Fabbro, 1999). One recovery pattern, alternate antagonism with paradoxical translation 
(Paradis et al., 1982), further suggests that the language usage pattern may be related 
primarily to changes in accessibility. Green’s (1998) IC model accounts for such patterns by 
assuming that what is lost is the ability to wilfully control language selection (and not the 
language itself). 
 
Unfortunately, patient reports are often incomplete and primarily descriptive, making it 
difficult to interpret the deficits. One notable attempt to move beyond the descriptive level 
was a detailed discussion of patient EM (Gollan & Kroll, 2001), previously described by 
Aglioti and colleagues (Aglioti et al., 1996; Aglioti & Fabbro, 1993). EM, bilingual in 
Venetian (a spoken Italian dialect) and Italian (acquired formally but used infrequently), 
showed relatively intact performance in L2 Italian while her ability to use the L1 was 
markedly impaired. Specifically, contrary to normal bilingual performance, EM was better at 
forward translation (L1 to L2). Partial damage to a control mechanism could account for this 
pattern, because EM showed evidence of paradoxical translation (still requiring some access 
to L1) of which one explanation could be the incomplete inhibition of L1. However, given the 
possibility that manner of acquisition might determine how grammatical and lexical aspects of 
language are represented (Paradis, 2004; Ullman, 2001), it is conceivable that, for EM, 
preinjury control processes favored forward translation and what we observe is intact 
functioning. Only a comparison with adequate controls would help resolve this issue. 
 
Such comparisons were made for an English–Urdu bilingual nonaphasic frontal lobe patient, 
FK (Meuter et al., 2002). While perfectly able to name Arabic numerals in either language in 
a number-naming task, FK made a number of errors when required to switch languages, 
especially when L2 was the required response language. FK instead produced a significant 
 number of erroneous responses in L1, many more than the bilingual controls. This error 
pattern, combined with a normal RT pattern, suggests that FK’s monitoring ability was 
compromised. He was no longer able to control and inhibit responses from the stronger L1 
when L2 needed to be spoken. 
 
Imaging studies and ERPs 
 
Patterns of brain activity similarly reveal relative control in bilingual language selection. Not 
surprisingly, changes in task requirements, stimuli and relative proficiency determine the 
patterns observed. For example, English–Spanish bilinguals showed no differences in the 
processing of English code-switched sentences and unilingual English sentences (Moreno et 
al., 2002). The code-switched data showed less of a cost (as indexed by N400) than did 
lexical (within-language) switches. These data do not suggest increased control implications 
for bilinguals, at least not in comprehension, however greater proficiency in L2 Spanish 
allowed the earlier detection of a switch and facilitated its processing. 
 
The pattern changes when voluntary and deliberate shifts of language are made. Two fMRI 
studies of Spanish–English bilinguals by Hernandez and colleagues (Hernandez et al., 2000a, 
2000b) revealed increased dorsolateral prefrontal activity when switching between languages. 
Importantly, Hernandez et al. (2000a) found that this increased activation was less marked 
when executing a within-language switch task. These results suggest that the need to prevent 
interference from a competing language requires additional executive control processing (see 
also Price et al., 1999; Rinne et al., 2000; Rodriguez-Fornells et al., 2006). Consistent 
herewith, increased activation was found in the inferior frontal regions for speakers who 
needed to operate in a language-selective manner (Rodriguez-Fornells et al., 2002). 
Importantly, this increased activation was observed only for those speakers for whom the two 
languages were part of the task. 
 
In a recent study using magneto-encephalography (MEG), Bialystok et al. (2005) found 
evidence relating speeded responses to somewhat different brain regions in bilinguals (mostly 
left hemisphere inferior and superior frontal regions, as well as cingulate and temporal 
regions) compared to monolinguals (mid-frontal), suggesting the possibility that executive 
function and control in bilinguals is at the very least enhanced if not developed somewhat 
differently. In some cases, activation of areas (such as those in the frontal lobes) has been 
 related explicitly to differences in relative proficiency in the two languages, with poorer 
proficiency requiring greater control for task execution (e.g. Chee et al., 2001). While AoA 
and proficiency were confounded here, recent findings suggest that greater proficiency results 
in organic changes (Mechelli et al., 2004). It is therefore conceivable that changes in control 




Overwhelmingly the data support an account such as that provided by the IC model (Green, 
1998). Neurolinguistic evidence points at control processes regulating bilingual performance. 
Comparing bilingual tasks with monolingual ones revealed differences specifically related to 
language selection (Hernandez et al., 2000a). However, comparative studies are required, 
with the inclusion of alinguistic switching tasks, to determine whether the apparent superior 
control ability is unique to bilinguals and how it is affected by proficiency, age and/or manner 
of acquisition. Only then will we be able to determine whether bilinguals refine and hone 
general purpose control processes that provide cognitive advantage (e.g. Bialystok et al., 
2004), or whether these control processes are unique to bilinguals. Few studies directly 
compare bilinguals with monolinguals, thus making it difficult to draw inferences about 
additional processes recruited for bilingual language processing (but see Tham et al., 2005). 
Also, to date, studies focus more globally on control over language per se, rather than more 




Neurolinguistic research, when combined with tight experimental control, provides a 
powerful means to obtain convergent evidence for the structure of the bilingual mental 
lexicon. Data from bilingual aphasia, as well as recording and imaging techniques, 
simultaneously increase our understanding of the processes that underlie the observed 
behavior and suggest other avenues of exploration. 
 
The available evidence supports the nonselective access account, even for nonproficient 
bilinguals. Importantly, the data confirms that translation equivalents and alternate meanings 
are activated (e.g. De Bruijn et al., 2001; Phillips et al., 2006). That this occurs when 
bilinguals are passively listening to words demonstrates the highly interactive nature of the 
 lexicon and underscores the importance of bottom-up processing as incorporated in the BIA+ 
model (Dijkstra & van Heuven, 2002). The asymmetrical effects seen with nonproficient 
bilinguals support one of the central assumptions in the RH model (cf. Kroll & Tokowicz, 
2005) in which low L2 proficiency is reflected in direct lexical connections with L1 
equivalents. However, contrary to the tenets of that model, conceptual representations were 
also activated (Phillips et al., 2006), and it is clear that both relative proficiency and cross-
linguistic overlap constrain lexical selection. 
 
The cognate/noncognate distinction is the one typically used to determine lexical overlap, but 
studies have largely been confined to related languages and have not considered phonological 
effects. Rather than focusing on the cognate/noncognate distinction, a more fruitful approach 
might be to use cross-linguistic homographs, homophones or even pseudohomophones (e.g. 
Duyck, 2005). The distinction between abstract and concrete items received no support, and 
one issue there might be is the difficulty in controlling for other embedded word type effects 
(e.g. noun-verb cross-overs). Morphological effects with cognates (Lalor & Kirsner, 2001a; 
Sánchez-Casas & García-Albea, 2005) suggest that other factors might determine the 
uniqueness of specific classes of items and the inclusion of such items as part of the stimuli 
would shed further light on this issue. 
 
There is much scope for more directed research into the control processes subserving 
language selection. At present we cannot be certain that the observed patterns are unique to 
bilinguals and represent the formation of fundamentally different control processes, or 
whether existing control processes are simply better honed. It is likely that a range of factors 
impact on the development of such control processes and where they are specific to language 
they are likely to be determined by age and manner of acquisition, relative proficiency, 
language use and linguistic overlap. The data fairly consistently point to proficiency as the 
determining factor in efficient language use (e.g. Phillips et al., 2006; but see Kotz & Elston-
Güttler, 2004). 
 
Green and Price (2001) cogently argue for an approach that applies imaging methodology to 
the study of bilingual aphasics and a few have moved in that direction (e.g. Meinzer et al., 
2007). When doing so it is critical that the tasks used are well understood, both at a cognitive 
and a neurophysiological level, and a clear theoretical framework is applied. Of equal 
importance is the inclusion of appropriate controls. Particularly when testing patients, a 
 comparison with intact matched bilinguals is invaluable but such controls are mostly lacking. 
Only when these measures are taken can assumptions about the structure of the bilingual 
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